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(54) Scanning charged-particle microscope 

(57) In orer to supply a scanning charged-particle 
microscope that can achieve both the improvement of 
resolution and that of focal depth at the same time, a 

scanning charged-particle microscope Is supplied which 
Is characterized in that a passage aperture 1 2 for limiting 



the passage of the charged-particle optical beam 2 Is 
located between the charged-particle source 1 and the 
scanning deflector 7, and in that a member 126 for lim- 
iting the passage of the charged-particie optlcai beam 
2 is provided at least In the center of the passage aper- 
ture 12. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a charged-partlcle microscope that scans the surface of a sample, more 
particularly to a scanning charged-parttcle microscope that enables both focal depth and resolution to be Improved at 
the same time. 

[0002] The scanning electron microscope (hereinafter referred to as SEM), which is one type of electron microscope, 
Is an observation apparatus that, as disclosed In, for example, Japanese Application Patent Laid-Open Publication No. 
10 Hei05-94798, enables the surface shape of a sample to be displayed on an Image display unit (for example, a CRT 
monitor) by focusing through an electromagnetic lens and the like the electron beam emitted from the electron gun 
inside, then scanning this electron beam In two-dimensional fonn on the sample, and detecting the secondary charged 
particles emitted from the sample. 

[0003] The surface of the sample to be observed using SEM Is usually not unifomn. For a semiconductor device, for 
IS example, humps such as wiring, and recesses such as contact holes, are present in mixed fonn on the device. To 
obtain a clear image of such a sample, it Is necessary that the diameter, dp, of the electron beam should be equal to 
or less than image resolution and that such a status should be maintained over the entire observation region. That Is 
to say, the differences In level between the humps and recesses formed In the observation region need to stay within 
the focal depth, Dp, of SEM. 
20 [0004] The focal depth, Dp, can be approximately represented using the following expression: 

Dp = dp/a (1) 

where a is the half-opening angle of the beam. 
[0005] For SEM, however, it is different to enlarge the focal depth, especially, during high-magnification observation, 
because, in the case of SEM, the electron beam needs to be focused Into a probe shape for improved spatial resolution 
and the beam diameter, dp, cannot therefore be increased and because a decrease in the beam half-opening angle, 
a, may affect diffractive aberration. 

^ [0006] Furthermore, lamination in a vertical direction in addition to mounting-density enhancement of two-dimen- 
sional circuit elements has come to be demanded towards recent semiconductor devices in order to achieve a higher 
degree of integration. In the case of SEM, which is Intended to observe high-density semiconductor devices, although 
the beam diameter, dp, needs to be reduced for enhancing the spatial resolution of the electron probe during high- 
magnification observation, since the focal depth is reduced by the relationship of calculation expression (1), the focus 

3S of the beam which has been focused on a contact hole deeply f onned by lamination deflects at the bottom of the contact 
hole, with the result that the image of the sample becomes partly indistinct. 

[0007] In other words, SEM has a contradictory relationship between the spatial resolution and focal depth of Its 
electron probe, and this contradiction poses the problem that SEM cannot be applied to semiconductor devices par- 
ticularly high in the degree of Integration. 

40 

SUMMARY OF THE INVENTION 

[0008] It Is the object of the present Invention to solve the above-mentioned problem and provide a scanning charged- 
partlcle microscope capable of achieving both the improvement of resolution and that of focal depth at the same time. 
^s [0009] In order to fulfill the object described above, the present invention provides a scanning charged-partlcle mi- 
croscope having 

a charged-partlcle source, 

a lens for focusing the charged-partlcle optical beam emitted from said charged-particle source, and 

a scanning deflector for scanning said charged-particle optical beam in two-dimensional form on a sample, 

wherein said scanning charged-partlcle microscope Is characterized In that a passage aperture for limiting the 
passage of the charged-particle optical beam is located between the charged-particle source and said scanning de- 
flector, and In that a member for limiting the passage of the charged-particle optical beam is provided at least in the 
ss center of said passage aperture. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 

FIG. 1 is a schematic block diagram of a scanning electron microscope which employs an aperture body equipped 
with the annular aperture pertaining to the present invention. 

FIG. 2 Is a view explaining In geometrically optical form the samples inradiation beam (annular shape) pertaining 
to the present Invention. 

FIG. 3 is a view explaining the relationship between the hatf-openlng angle, a, of the beam on a sample, the beam 
diameter, dp, and the focal depth, Dp, of the beam on the sample. 
FIG. 4 is a typical curve showing the a-dependency of dp. 

FIG. 5 shows an embodiment of an aperture body having the annular aperture and circular aperture pertaining to 
the present Invention. 

FIG. 6 shows an example of comparison between the calculation curves for the transfer function (response func- 
tion), T(a)D), of an SEM optical system having annuiation levels of p = 0 and p = 0.6. 
FIG. 7 is a standardized beam intensity distribution, i(z), on the optical path (z-axis). 

FIG. 8 shows an embodiment in which an annular aperture is fonned using a circular aperture body 1 1 A equipped 
with a circular aperture, and a shielding disc/large circular aperture body 11 B equipped with a shielding disc 12b. 
FIG. 9 shows an embodiment in which circular apertures are fonned using a circular aperture body 11 A equipped 
with a circular aperture, and a shielding disc/large circular aperture body 1 1 B equipped with a large circular aperture 
C. 

FIG. 10 shows an embodiment in which an annular aperture Is fonned with a lens inserted between a circular 
aperture body 11 A and a shielding disc/large circular aperture body 11 B equipped with a shielding disc 12b. 
FIG. 11 is a diagram showing the processing flow of the image-processing unit pertaining to the present Invention. 
FIG, 12 shows three types of x(\)D) curves for comparison purposes, namely, Tc(vD) and ta(\)D) curves of the 
electron microscope images obtained when a circular aperture and an annular aperture were used, and a Tc^.a(^)D) 
curve of a virtual electron microscope image using a combination of the circular aperture and annular aperture 
formed during the processing flow of the image-processing unit. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[Detailed Description of the Prefen^ed Embodiments] 

[0011] The apparatus according to the present Invention is intended to realize both the improvement of both electron 
beam spatial resolution and focal depth at the same time in the scanning electron microscope (SEM), one type of 
scanning charged-particle microscope. How the apparatus according to the present invention works is described below. 
Although the description below relates to SEM, the description can also be applied to an apparatus by whbh a positron 
beam having inverse positive polarity at the same weight as that of an electron is scanned on a sample. 
[0012] Focal depth, as explained in expression (1), is represented as Dp = dp/a, whereas the beam diameter, dp, is 
approximately represented by the following expression as the square root of the sum of squares between the Gaussian 
image size, dg, determined by the electron optical system, and the respective indistinctness levels (dj, d^, dj of the 
beam due to diffractive aberration, chromatic aberration, and spherical aberration: 



.2 .2 .2 .2 

dp =dg +d^ +dc +d3 



(2) 



dg = Mo-p 



(3) 



d^, = O.SVa 



(4) 



d^ = Cc.(AE/E)a 



(5) 



dg = (1/2)Cs.a3 



(6) 
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where Mo is the magnification of the electron optical system, p Is the size of the virtual light source of the electron 
gun, k is the wavelength of the electron radiated. Cc and Cs are a chromatic aberration coefficient and a spherical 
aberration coefficient, respectively, E is an electron radiation energy level, and AE is the fluctuation spread of the 
electron radiation energy. A typical a-dependency curve of dp is shown as FIG. 4. 
5 [0013] The curve of dp has Its minimum value In a region of a = a^pi, and in this case, the maximum image resolution 
(spatial resolution) can be obtained. In a region of a « <x^, there is the relationship that dp = d^, whereas in a region 
of a » Oopt, there Is the relationship that dp = d^. 

[0014] For example, when a semiconductor device high In the degree of integration Is to be observed using an 
electron beam detemiined under such conditions as set forth above, since there is a contradictory relationship between 

10 the beam diameter, dp, and focal depth, Dp, reduction in the beam diameter under fixed "a" conditions for the purpose 
of observing the microstructured semiconductor device results in the insufficiency of focal depth. In other words, even 
when focus is placed on the surface of a semiconductor device high in the degree of integration, the focus may shift 
at a section significantly different in level with respect to the corresponding surface, such as the bottom of a contact hole. 
[0015] Also, although It seems possible, from expression (1), to increase Dp by reducing a from Oq^x, since the 

IS relationship of d^jocl/a exists as can be seen from expression (4), d^ increases and image resolution deteriorates. 
[0016] The apparatus according to the present Invention enables both the spatial resolution of an electron beam to 
be Improved and its focal depth to be enlarged, and relates to a scanning electron microscope by which, during SEM 
observation of a semiconductor device particularly high In the degree of integration and significantly different in level, 
clear and sharp Images of the sample can be obtained over the entire observation region (electron beam scanning 

20 region). 

[0017] In this embodiment, in order to fulfill such an object, a plate-lil<e annular aperture body with an aperture an- 
nularly fornied therein (an aperture in the center of which Is provided a member that limits the passage of the electron 
beam) Is located between the electron source and scanning deflector of SEM to ensure that the electron beam that 
has passed through the aperture is focused in probe form and that the electron probe is two-dlmensionally scanned 

25 using the above-mentioned scanning deflector. 

[001 8] Art relating to an electron beam apparatus equipped with an annular aperture plate is disclosed in, for example, 
Japanese Application Patent Laid-Open Publication Nos. Hei11-297610, 12454 (2000). and Sho48-85069. The art 
disclosed in the literature is intended to radiate an electron beam to a sample or mask and project the transmitted 
electron beam onto a phosphor plate or the sample. That is to say the art is not such that the electron beam that has 

30 been passed through the annular aperture plate described below is focused into probe form by objective lenses with 
the view of scanning the corresponding electron probe on the sample. 

[001 9] Unlike the electron beam aligner or transmission-type electron microscope projecting an electron beam onto 
a sample or mask, In SEM that scans an electron beam, since Its beam diameter detennines the resolution for a high 
magnification, the beam diameter must be reduced to achieve high resolution. At the same time, however, to maintain 
35 high resolution always on the nonunifomn surfaces of samples, It is necessary not only to reduce the beam diameter, 
but also to increase focal depth under the reduced status of the beam diameter 

[0020] However, as described earlier In this SPECIFICATION, there is a contradictory relationship between the beam 
diameter and focal depth, and it has thus been difficult to increase focal depth while at the same time reducing the 
beam diameter. With the apparatus according to the present invention, images of samples such as semiconductor 
40 devices high in the degree of three-dimensional integration can be observed at high resolution levels by satisfying the 
originally contradictory conditions mentioned above. The principles of the apparatus according to the invention are 
described below using drawings. 

[0021] A schematic view of SEM equipped with a plate-like annular aperture body is shown as FIG. 1 . After an 
electron beam 2 has been taken out from an electron gun 1 and accelerated using an acceleration lens 3, is focused 

45 on a sample 8 by a focusing lens 4 and an objective lens 6. The focused beam is then scanned on the sample by a 
deflector 7, and the secondary electron 9 emitted from the sample is detected by a secondary-electron detector 10. 
An aperture body 11 for limiting the focused beam is located between deflector 7 and electron gun 1 . Aperture body 
11 has an annular aperture 12 as one of the apertures for limiting the passage of the electron beam, and the half- 
opening angle, a, of the electron beam focused on the sample stays within the band of specific values and 05 (< 

50 tta) as shown in geometrically optical form in FIG. 2, wherein the passage of the electron is limited in the half-opening 
angle range from 0 degrees (optical axis) to o^. 

[0022] If the parameter, p. that denotes the annulation level Is defined as p = a^/a^, the aperture of p = 0 is equivalent 
to a circular aperture. Aperture body 11 with annular aperture 12 and circular aperture 13 is shown in FIG. 5. The 
corresponding aperture body has the shape of a plate and is formed of tantalum (Ta) and molybdenum (Mo) materials. 
55 Also, the aperture can have a heating means for cleaning dirt away therefrom. The shielding plate 1 2b inside annular 
aperture 12 Is concentric with aperture outer surface 12a and fixed to aperture outer surface 12b via beams 12c and 
12d. If the radii of the outer and inner circles of annular aperture 12 are taken as r^ and r^,, respectively, there is the 
relationship of p = r^r^. 



4 



EP1 197 985 A2 



[0023] A comparative example of the calculation curve for the transfer function (also called the response function), 
t(\)D). that is used as a criterion for evaluating the SEM optical systems whose ^ values are 0 and 0.6, is shown in 
FIG. 6 to check the annulatlon effect of the aperture body. In this figure, t(\)D) plotted along the vertical axis denotes 
changes in Image contrast level. Likewise, V in vO plotted along the horizontal axis denotes changes in wave number 
(spatial frequency). "D" denotes )Ja, and vD is a parameterized, dimensionless representation of V. Also, °a° in )Ja 
denotes a^. FIG. 6 (b) Is an enlarged diagram of the vD data region from 1 .2 to 2,0 in FIG. 6 (a). Parameters B, C, and 
D in calculation parameters B/D, C/D, and b/D, denote spherical aberration, chromatic aberration, and the size of the 
electron gun virtual light source, respectively, and these parameters are defined using the following expressions: 

B = (1/4)Cs.a/ (4) 



C = (1/2)Cc(AE/E)aa (5) 



b=p/2 (6) 

[0024] Typical calculation results obtained in the case that (C/D, b/D) takes values of (0, 0), (0.4, 0), and (0.4, 0.1) 
with respect to B/D = 0. p = 0, and p = 0.6, are shown in FIG. 6. The case that B/D = 0 and (C/D, b/D) = (0, 0), in 
particular, corresponds to the stigmatic optical system of the point light source. In the i{vD) curve, the reciprocal of the 
\) value (= Vq ^] which satisfies the condition of x (dD) = 0.1 is defined as the image resolution, Rq^, and this reciprocal 
is used as a shortcut evaluation parameter. The D/Rq ^ (= \fo^0) values In the range from B = 0 to B = 0.6 are listed 
in TABLE 1 . When p = 0 to 0.6, the image resolution. Rq.i . can be improved by about 6 to 7 percent Furthemnore. even 
when spherical aberration exists (B is not equal to 0), provided that B/D^1 , the effects of the spherical aberration are 
not significant and Rq^ can be improved at much the same ratio as that shown above. 

[0025] Next, calculation results on focal depth, Az, are shown below. The standardized beam intensity distribution, 
l(z), on the optical path (z-axis) is shown in FIG. 7. As In FIG. 6, calculations were conducted under the conditions of 

(C/D, b/D) =(0,0) and (0.4, 0) with respect to p = 0 and p = 0.6. Focal depth, Az, can be approximated In the z-region 
satisfying i(z)>0.8, and the Aza/D values are also listed in TABLE 1 . It can be seen from this table that Az can be 
significantly improved by about 50 to 60 percent in the p range from 0 to 0.6. These improvement effects relating to 
image resolution and focal depth have also been ascertained experimentally 



FABLE 1] 



(C/D, b/D) 


p = o 


P = 0.6 


Improvement ratio [%] 


D/R0.1 


Aza/D 


D/R0.1 


Azot/D 


D/R0.1 


Aza/D 


(0.0) 


1.61 


1.03 


1.71 


1.61 


6 


56 


(0.4, 0) 


1.60 


1.10 


1.71 


1.66 


6 


51 


(0.4, 0.1) 


1.53 




1.65 
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[0026] Although the electron gun used in the embodiment set forth above is of the Schottky, a heating type (tungsten 
[W] hairpin) or an electric field emission type is likewise available as an electron gun suitable for an electron microscope 
(the electric field emission type Is further divided into two subtypes: cold and hot). The characteristics of these electron 
guns (namely, luminance, the size, p, of a virtual light source, an energy spread, AE, and a beam current noise level) 
are shown in TABLE 2. In temis of the improvement effects that can be obtained by use of the annulation described 
above, electron guns small in p and AE, namely, the electric field emission type and Schottky type of electron guns are 
particularly excellent and this has also been confirmed experimentally. 



[TABLE 2] 





Heating type (W hairpin) 


Electric field emission type 


Shottkytype 


Cold 


Hot 


Luminance 


103 


103 


5 X 103 


5 X 103 


P 


20-50jim 


3nm 


30nm 


15nm 
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[TABLE 2] (continued) 





Heating type (W hairpin) 


Electric field emission type 


Shottkytype 


Cold 


Hot 


AE[eV] 


1 -2 


0.2 - 0.3 


0.8-1.8 


0.3-0.7 


Beam cun-ent noise [%RMS] 


<0.5 


4-6 


5-10 


<1 



[0027] The t(\)D) curves in FIG. 6 are described in further detail below. The x values of high-frequency components 
near the diffraction limit (\)D = 1 .6) of the circular aperture (P = 0) are increased by annulation, and as a result, image 
resolution, Rg Is improved. At the same time, however, since the t values of low-frequency components, except in 
the neighborhood of vD = 0, decrease, these low-frequency components deteriorate in contrast level. Although focal 
depth increases as p becomes closer to 1 , since contrast deteriorates more significantly, a contradictory relationship 
exists between focal depth and contrast. The transmission ratio of electron wave intensity against an annular aperture 
whose annulation level is p can be expressed as (1 - p^ from the aperture area ratio, and to obtain the same transmitted 
electron wave intensity as that achievable in the case of a circular aperture whose p is 1 , the intensity of the electron 
wave radiated through the annular aperture must be increased to 1/(1 - p2) times. This increases contrast by 1/(1 • p2) 
times with respect to all frequency components, thus leading to the improvement of image quality. This improvement 
effect has also been experimentally confinmed. 

[0028] Although electron microscopes are evaluated in tenns of characteristics such as image resolution, image 
quality, and focal depth, the weight attached to each characteristic differs according to the particular observation re- 
quirements. To meet various observation requirements, it is desirable that an aperture body having both a circular 
aperture and an annular aperture should be adopted. A movement feature not shown in the present embodiment is 
provided so that the above apertures are positioned on the passage route of the electron beam. In the apparatus 
according to the present embodiment, aperture body 1 1 having a circular aperture 13 adjacent to the annular aperture 
12 shown in FIG. 5 is fonmed to enable the selection of either according to the particular observation requirements. 
The selection of annular aperture 12 or circular aperture 13 is perfonned in the following sequence: 
[0029] First, (1 ) the position of the aperture body is adjusted beforehand within a plane parallel to the aperture body 
surface so that the centers of annular aperture 12 and circular aperture 13 almost align with the optical axis. Next, (2) 
the beam position correction data and scan image rotational correction data to be applied to the deflector in order to 
perfonn corrections for both the shift in position of the beam focused on the sample, and for any scan image rotational 
errors on the sample, between both apertures, are registered along with the above-mentioned amounts of position 
adjustment. During actual observation, (3) the appropriate data is retrieved from registered data so as to enable either 
aperture to be selected according to the particular requirements, and position setting of the apertures in the aperture 
body, the correction of the beam position, and the correction of scan image rotational errors are conducted. 
[0030] Since the rate at which the electron beam passes through an annular aperture is smaller than that of a circular 
aperture, It is advisable to use circular apertures when priority is to be assigned to, for example, image contrast and 
brightness, or to use annular apertures when priority is to be assigned to image resolution during the imaging of sam- 
ples. Also, since image observation at higher magnifications, in particular, requires higher image resolution, an easier- 
to-use scanning electron microscope can be supplied by providing the apparatus with such a sequence that enables 
automatic selection of a circular aperture or an annular aperture In synchronization with the selection of a low-magni- 
fication mode or a high-magnification mode. 

[0031] In addition, for an apparatus having the ability to conduct multi-point observation on a semiconductor wafer, 
automatic multi-point obsen/atlon based on the appropriate beam conditions can be implemented by adopting the 
configuration that pennits the creation of a recipe which sets the annular aperture or the circular aperture, depending 
on the particular situation of the observation point. 

[0032] The apparatus according to the present embodiment has a control unit and a display unit, and the control unit 
is further equipped with a storage medium which can contain the data required for such aperture selection as mentioned 
above, and for automatic selection of another optical apparatus, with the two selection functions being performed In 
accordance with the data stored within the corresponding storage medium. 

[0033] Aperture body 1 1 in the embodiment described above is of a single-piece configuration. An embodiment using 
an aperture body of a two-piece configuration is described below using FIGS. 8 and 9. Aperture body 11 in this em- 
bodiment consists of two pieces: a circular aperture body 11 A (a first plate-like body), which is located at the electron 
source side and has a circular aperture A, and a shielding disc/large-size circular aperture body 11 B (a second plate- 
like body), which is located at the sample side and has a shielding disc 12b and a large circular aperture C adjacent 
thereto. Both aperture bodies are further provided with a movement feature that enables the corresponding aperture 
body to be independently moved along a plane parallel to that of the other aperture body, that is to say. a plane vertical 
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to the optical axis, and thus the corresponding disc and aperture to be positioned on the orbit of the electron beam. 
FIGS. 8 and 9 show embodinnents in which the circular aperture body 11 A and the shielding disc/large-size circular 
aperture body 11 B are combined to form an annular aperture and a circular aperture, respectivefy. An annular aperture 
body can be effectively created by moving it so that the centers of its circular aperture A and shielding disc/large-size 

5 circular aperture B overlap on the optical axis of objective lens 6. Similarly, a circular aperture equivalent to the above- 
mentioned circular aperture A can be essentially created by moving the con-esponding aperture body so that the centers 
of its circular aperture A and shielding disc/large-size circular aperture C overlap on the optical axis of objective lens 6. 
[0034] The creation of the annular aperture body consists of three steps: step 1, In which the center of circular 
aperture A Is located on the optical axis of the objective lens; step 2, in which two-dimensional scanning of electron 

'0 beam 2 by use of an aligner 5 is conducted on the circular aperture A of circular aperture body 11 A (see FIG. 1 ), then 
either the rate of passage of the secondary electron emitted from sample 8, or the amount of current absorbed by 
circular aperture body 11 A, at that time, is converted into a luminance signal, and scan-Image G is created from this 
signal, and; step 3, in which, while the image of circular aperture A in scan-image G is being monitored, shielding disc 
12b is located in the center of that image. 

15 [0035] Although the focusing point for the electron beam 2 scanned on circular aperture A in step 2 does not always 
need to be matched to the z-posltion of circular aperture A, it is desirable that the focusing point be matched to the z- 
position. because a sharper image of circular aperture A can be obtained in step 3 and because axial matching accuracy 
between circular aperture A and shielding disc 1 2b improves. 

[0036] If the distance between circular aperture body 11 A and shielding disc/large circular aperture body 11 B is short 
20 enough and changes in beam diameter, associated with the divergence or focusing of the beam between both aperture 
bodies can be ignored, the size (radius) ratio between circular aperture A, shielding disc 1 2b, and large circular aperture 
C, that is to be used for calculating the annulation level, p, does not need to be adjusted. For example, for the fonnation 
of an annular aperture. If the radii of circular aperture A and shielding disc 12b are taken as r^ and r^, respectively, the 
annulation level, p, is equal to r^r^. However, the radius, r^^^, of the aperture outer surface which forms shielding disc 
2s 12b is sufficiently great in comparison to r^. 

[0037] Next, an embodiment using the aperture body 11 which requires the adjustment of the size (radius) of its 
aperture during the calculation of the annulation level, p, is shown in FIG. 10. Although this aperture body 11. as with 
those of FIGS. 8 and 9, is a two-piece body consisting of circular aperture body 11 A and shielding disc/large circular 
aperture body 1 1 B, lens 4 exists between both aperture bodies. For the fonnation of an annular aperture, if the beam 
30 whose passage Is limited by circular aperture A has a diameter of at the z-position of shielding disc/large circular 
aperture body 11 B and the radius of shielding disc 12b Is taken as r^, the annulation level, p, can be represented using 
the expression shown below. The radius, r^2a* of the aperture outer surface 12a which retains shielding disc 12b is 
sufficiently great In comparison to r^ j^b- 

P = ri,/r3,nB = Krb/ra 

where K, a size correction coefficient, is equal to r^/r^^^B ^^^^ always become 1 . 
[0038] Although, in the configurations of aperture bodies 11 in FIGS. 8 to 10, circular aperture body 11 A with circular 
<o aperture A Is located at the electron source side and shielding discharge circular aperture body 1 1 B with both shielding 
disc 12b and large circular aperture C adjacent thereto is located at the sample side, similar effects can be obtained, 
even if the arrangement of these aperture bodies is opposite. 

[0039] FIG. 1 shows an example of SEM in which secondary electron 9 emitted from the surface of the sample during 
electron beam irradiation is used to create luminance signal information on an electron microscope image. If the electron 
45 acceleration voltage is increased above about 100 kV and the thickness of the sample is reduced to the range from 
several tens to several hundred nanometers, the electron beam that has transmitted the corresponding sample can 
also be used. A microscope image based on a secondary electron provides surface infomiation relating mainly to the 
sample, whereas a mteroscope image based on a transmitted electron beam provides internal Information on the 
sample. 

50 [0040] Also, although the apparatus according to this embodiment uses a secondary electron to create an image of 
a sample, the embodiment is not limited to such an application and can likewise be applied to an apparatus which uses 
a reflected electron to create an image of a sample. Next, an embodiment of an imaging method which uses an electron 
microscope characterized in that the electron microscope images D and E obtained when the above-described aper- 
tures according to the present invention are a circular aperture and an annular aperture can be photographed and then 

55 after a new microscope image F has been created from both images, this new image can be displayed, is described 
using FIGS. 11 and 12. The aperture body in this embodiment Is the aperture body 11 shown in FIG. 5, 7, or 9, and 
the annulation level of its annular aperture is set as p = 1/2^'^ = o.71 . The flow of processing in which both images are 
to be used to create and display a new microscope image F is shown as FIG. 11 . First, in SI , the electron microscope 
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images D and E obtained via a circular aperture and an annular aperture are photographed and then recorded as 
digital Information. In S1 , however, the Intensity (more exactly, the irradiation angle current density) of the electron 
beam radiated f ronfi the electron gun is doubled to ensure that the electron microscope image E at the annular aperture 
Is photographed with twice the intensity of the beam after it has passed through the aperture. Next, in S2, Fourier 
transform images based on microscope images D and E are created as Dp and Ep, respectively. In S3, images Dp^ 
and EpB by adjustment of the contrast levels, x[\>D) of images Dp and Ep in the v = region are created, wherein, as 
shown in FIG. 1 2, Up is a cutoff frequency value determined by the electron beam energy on the sample, the aben-ation 
coefficient of the optical system, and the half-opening angle, a, of the beam. In S4, image DpgL by low-pass filtering 
of Fourier transfomi image Dpg through the \)<\)(. region at a spatial frequency, \>, is created, whereas image EpgL by 
low-pass filtering of Fourier transfomi image Ep^ through the \>>x>^ is created. In S5, the inverse Fourier transform 
images corresponding to Fourier transfomi images DpgL and EpgH, namely, real spatial images Dg^ and Eg^ are cre- 
ated. Finally, in S6, a summation-based image F by adjustment of the positions of real spatial images and Ebh is 
created, and In S7, the summation-based image F is sent to an image display unit such as a CRT monitor. 
[0041] The summation-based image F has the features that this image. Is one to two times improved over image C 
in tenms of the contrast level of the high-frequency components in the \>^^ region and that focal depth Is improved by 
several tens of percent. In addition, image resolution is improved by several percent. These Improvement effects are 
described below from the viewpoint of the response function, T{a)D). Three types of curves ... namely, xJly>D) and 
(\)D) curves of the electron microscope images obtained when a circular aperture and an annular aperture were used, 
and a Va(vD) curve of the electron microscope image con-esponding to the summation-based image F created by 
low-pass filtering and high-pass filtering, are shown in FIG. 12 for comparison. In the a)<\)c region, Va(^D) agrees 
with Tc{\)D), whereas in the \)>uc region, Tc+a(^D) agrees with Xa(\)D). Since, In the latter region, the value of Tc+a(vD) 
/Tc(uD) is from 1 to 2, it can be seen that the contrast levels In this region are improved by one to two times over those 
of the Image obtained using the circular aperture. 

[0042] An example of an apparatus using a pupil of an annular shape in an imaging optical system is disclosed in 
Chapter2 of "Optics of Uitrahigh-lmage Resolution", compiled by Satoshi Kawada and published in 1 999 by the GAKKAl 
Publishing Center. 

[0043] According to the present Invention heretofore described, both the focal depth and resolution of a charged- 
partlcle microscope which scans the surface of a sample can be Improved at the same time. 



Claims 

1 . A scanning charged-particle microscope having 

a charged-particle source (1), 

a lens (4) for focusing the charged-particle optical beam (2) emitted from said charged-particle source (1 ), and 
a scanning deflector (7) for scanning said charged-particle optical beam (2) In two-dimensional fomn on a 
sample, 

wherein said scanning charged-particle microscope is characterized In that a passage aperture (12) for 
limiting the passage of the charged-particle optical beam is located between the charged-particle source (1) and 
said scanning deflector (7) and in that a member (12b) for limiting the passage of the charged-particle optical 
beam (2) is provided at least In the center of said passage aperture (12). 

2. A scanning charged-particle microscope as set forth in claim 1 above, wherein the scanning charged-particle 
microscope is characterized in that the half -opening angle of said aperture (12) for said charged-particle optical 
beam (2) focused on a sample (8) by said focusing lens has a band with respect to specific values of and 04,. 

3. A scanning charged-partlcie microscope as set forth in claim 1 above, wherein the scanning charged-particle 
microscope is characterized In that said passage aperture (12) is fomned in a plate-like body (11), and In that 
said plate-liice body (11) is fomned movabiy with respect to said charged-particle optical beam (2). 

4. A scanning charged-particle microscope as set forth in claim 3 above, wherein the scanning charged-particle 
microscope is characterized in that said plate-like body (11) is provided with a circular aperture (13) in addition 
to said passage aperture (12). 

5. A scanning charged-particle microscope having 
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a charged-particle source (1), 

a lens (4) for focusing the charged-particle optical beam (2) emitted from said charged-particle source (1 ), and 
a scanning deflector (7) for scanning said charged-particle optical beam (2) in two-dimensional fomn on a 
sample, 

wherein said scanning charged-particle microscope Is characterized in that it has a means by which said 
charged-particle optical beam (2) focused on said sample is radiated so that the half-opening angle of said aperture 
for the charged-particle optical beam will have a band with respect to specific values of and 0^. 

6. A scanning charged-particle microscope as set forth in claim 5 above, wherein the scanning charged-particle 
microscope is characterized in that a plate-like aperture body (11 ) in which an annular aperture (12) Is formed is 
provided between said charged-particle source (1) and said scanning deflector (7). 

7. A scanning charged-particle microscope as set forth in claim 6 above, wherein the scanning charged-particle 
microscope is characterized In that in addition to said annular aperture (12), a circular aperture (13) is provided 
in said plate-like aperture body, and in that there is provided a movement feature for positioning said annular 
aperture (12) and said circular aperture (13) on the orbit of said charged-particle optical beam. 

8. A scanning charged-particle microscope having 

a charged-particle source (1), 

a lens (4) for focusing the charged-particle optical beam (2) emitted from said charged-particle source (1 ), and 
a scanning deflector (7) for scanning said charged-particle optteai beam (2) in two-dimensional fonri on a 
sample, 

wherein said scanning charged-particle microscope is characterized in that an aperture for limiting the 
passage of said charged-particle optical beam Is fomned in two different places on the orbit thereof, and in that 
one of said two apertures is an annular aperture (12) and the other Is a circular aperture (A). 

9. A scanning charged-particle microscope as set forth in claim 8 above, wherein the scanning charged-particle 
microscope is characterized in that said annular aperture (12) is fomned in a plate-like body (11), in that said 
plate-like body (1 1 ) is also provided with a circular aperture (13), and in that there is provided a movement feature 
for positioning the annular aperture (12) and the circular aperture (13) on the orbit of said charged-partk^le optical 
beam. 

10. A scanning charged-particle microscope as set forth in claim 8 above, wherein the scanning charged-particle 
microscope is characterized in that said circular aperture (A) is fomied in a plate-like body (11 A), in that said 
piate-like body (11A) Is also provided with a charged-particle optical beam cutoff portion, and in that there is 
provided a movement feature for positioning said charged-particle optical beam cutoff portion and said circular 
aperture on the ort)it of said charged-particle optical beam. 

11. A scanning charged-particle microscope as set forth in claim 8 above, wherein the scanning charged-particle 
microscope is characterized In that said circular aperture (A) and said annular aperture (12) are fomied In a first 
piate-iike body (11A) and a second plate-like body (11B), respectively, in that said first plate-like body (HA) is 
provided with a charged-particle optical beam cutoff portion in addition to the circular aperture (A) and said second 
plate-like body (11 B) is provided with a circular aperture (C) in addition to the annular aperture (12), and in that 
both the first plate-like body (11 A) and the second plate-like body (118) are provided with a movement feature. 

12. A samples Image forming method using a scanning charged-particie microscope having 

a charged-particle source (1), 

a lens (4) for focusing the charged-particle optical beam (2) emitted from said charged-particle source (1 ), and 
a scanning deflector (7) for scanning said charged-particle optical beam (2) in two-dimensional fomi on a 
sample, 

wherein said samples image fomning method is characterized in that the image of a sample that has been 
acquired with an annular aperture (12) positioned on the ortDit of the charged-particle optical beam and the image 
of a sample that has been acquired with a circular aperture (C) positioned on the orbit of the charged-particle 
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optical beam are combined to fomn a new samples image. 
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FIG. 3 
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FIG. 8 
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FIG. 9 
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FIG. 11 
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ACQUISITION OF RESPECTIVE SCANNING ELECTRON 
MICROSCOPE IMAGES D AND E VIA A CIRCULAR 
APERTURE AND AN ANNULAR APERTURE 



•S1 



CREATION OF FOURIER TRANSFORM 
IMAGES OF AND EF BASED ON 

MICROSCOPE IMAGES C AND D 



'S2 



CREATION OF IMAGES DFB AND EFB BY 
ADJUSTMENT OF THE CONTRAST LEVELS 
OF IMAGES DF AND EF IN v = Vn 



S3 



CREATION OF IMAGE DFBL BY LOW-PASS FILTERING 
OF FOURIER TRANSFORM IMAGE DFB THROUGH 
REGION v^v c. ANDCREATION OF IMAGE EFBL BY 
LOW-PASS FILTERING OF FOURIER TRANSFORM 
IMAGE EFB THROUGH REGION v = Vr 



•S4 



CREATION OF INVERSE FOURIER 
TRANSFORM IMAGES EBL AND EBH 
BASED ON IMAGES DFBL AND EFBH 



CREATION OF IMAGE F BY SUMMATION 
OF IMAGES DBLAND EBH 



OUTPUT OF IMAGE F TO AN IMAGE 
DISPLAY UNIT SUCH AS A CRT MONITOR 
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FIG. 12 
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